The butterfly tribe Melitaeini [Nymphalidae] contains numerous species that have been the subjects of a wide range of biological studies. Despite numerous taxonomic revisions, many of the evolutionary relationships within the tribe remain unresolved. Utilizing mitochondrial and nuclear gene regions, we produced a time-calibrated phylogenetic hypothesis for 222 exemplars comprising at least 178 different species and 21 of the 22 described genera, making this the most complete phylogeny of the tribe to date. Our results suggest that four well-supported clades corresponding to the subtribes Euphydryina, Chlosynina, Melitaeina, and Phyciodina exist within the tribe. This analysis is also represents the most complete phylogenetic analysis of the Chlosynina to date, and includes several genera and species that have been previously excluded from published phylogenies of this group.
Introduction
Lepidoptera have long been an important subject for ecological and evolutionary biology studies, but the systematics of many groups, particularly some butterflies, is often disputed. The Nymphalidae comprise the largest family of butterflies and consequently have been the subject of intense study (e.g. Wahlberg et al., 2009; Brower et al., 2010; Penz et al., 2011) . Various taxonomic revisions have split (and lumped) these species, sometimes into as many as nine different families, although currently most authors treat them as a single family. At present, many phylogenetic relationships in the clade remain unresolved and the timing of diversification for the clade, in particular, is in need of additional study.
We are particularly interested in the phylogeny of a tribe of Nymphalidae, the Melitaeini. This group contains several species that serve as important models to biologists in a wide range of disciplines, from metapopulation biology to mimicry to genetics (e.g. Bates, 1862; Benson, 1972; Gilbert and Singer, 1975; Ehrlich et al., 1975 Ehrlich et al., , 1984 Brown and Ehrlich, 1980; Sheppard et al., 1985; Wahlberg et al., 2002) . Despite this importance, evolutionary relationships of many genera (as well as species within those genera) remain unclear. Higgins (1941 Higgins ( , 1950 Higgins ( , 1955 Higgins ( , 1960 Higgins ( , 1981 and Harvey (1991) have authored several taxonomic revisions of the group based on morphology. More recent studies have utilized molecular methods to try to clarify the evolutionary history of these species Zimmermann et al., 2000; Wahlberg et al., 2005; Wahlberg and Freitas, 2007; Leneveu et al., 2009) .
At present, approximately 250 species of Melitaeine are recognized (Higgins, 1981; Harvey, 1991; Wahlberg and Zimmermann, 2000) . The group is distributed throughout the Palearctic, Nearctic, and Neotropical regions. During the middle and latter half of the 20th century, most of the taxonomic work on this group was done by Higgins (1941 Higgins ( , 1950 Higgins ( , 1955 Higgins ( , 1960 Higgins ( , 1981 . His last taxonomic revision treated the group as a subfamily (Melitaeini) and split the group into 31 genera (Higgins, 1981) ( Table 1) . Many of these genera have been rejected by subsequent authors, and phylogenetic work by Zimmermann et al. (2000) and Wahlberg and Zimmermann (2000) suggested different conclusions than those of Higgins. Notably, Wahlberg and Zimmermann treated the group as a tribe, per Harvey (1991) , proposed 4 species groups (subtribes), and rejected many of Higgins' generic revisions (mainly due to paraphyly or other unnatural groupings) (Higgins, 1981; Wahlberg and Zimmermann, 2000) .
The phylogenetic hypothesis produced by Wahlberg and Zimmermann (2000) , which utilized POY for alignment and phylogenetic inference, remains the most complete analysis of this tribe prior to this study. However, their study was only able to utilize mitochondrial gene regions, as nuclear genes were not yet widely available for these taxa. A 2005 study by Wahlberg et al. utilized parsimony to reconstruct the phylogeny of the Nympahlinae but included fewer species of Melitaeini than did Wahlberg and Zimmerman. Previous studies were unable to resolve many of the relationships in the genus Chlosyne, particularly those of C. palla, C. acastus, C. neumoegeni, C. gabbii, and C. hoffmanni; and the relationships of several species of Euphydryas, notably those of E. chalcedona and the proposed species E. anicia and E. colon; and now previous molecular studies have place Atlantea. Data are now available for considerably more species than were used in previous studies. In addition, new relaxed clock models for estimating divergence times that can simultaneously account for uncertainty in both the tree topology and divergence times have become available. Utilizing these methods, we undertook a revised analysis of the Melitaeini providing a new comprehensive estimate of phylogenetic relationships and timing of diversification for the clade.
Methods

Species used in study
We included sequence data from 222 exemplars belonging to the Tribe Melitaeini (Family Nymphalidae) as well as 3 outgroup species (Table 2) . According to the taxonomy that we follow, we used sequence data from at least 178 different species for 21 of the 22 genera in the Melitaeini (all genera except the monotypic genus Tisona). The remaining exemplars represent putative subspecies or in a few cases separate populations of a given species.
Unless otherwise specified, in subsequent treatment we use the naming conventions described by the ICZN code and refer to all subtribes using the suffix '-ina' (ICZN, 1999) . We followed Harvey (1991) and Wahlberg and Zimmermann (2000) in treating the Melitaeini as a tribe, rather than as a subfamily as in Higgins (1981 (Wahlberg et al., 2005) ), and 62 individuals from the Nearctic and Neotropic Phycioditi (Phyciodina (Wahlberg et al., 2005; Wahlberg and Freitas, 2007) ). Twenty-one of the taxa used in our study were not categorized by Wahlberg and Zimmermann (2000) . Higgins categorized six of those taxa as belonging to the clade Melitaeini (the genera Antillea, Gnathotriche, Higginsius, and Microtia), 14 individuals as Phyciodina (the genera Dagon, Janatella, Mazia, Ortilia, and Phystis), while he was unable to categorize the genus Atlantea (Higgins, 1981) . Wahlberg et al. (2005) did not include Antillea, Ortilia, Phystis or Dagon in their analysis, but placed Microtia in the Chlosyne-group, Gnathotriche and Higginsius as a sister clade to Phyciodina, and included Mazia and Janatella in Phyciodina.
Molecular sequence data
We utilized molecular data from three separate gene regions. We used 1450 bp from the cytochrome oxidase subunit I (COI) mitochondrial gene region, 397 bp from the nuclear gene region wingless (wg), and 1240 bp from the nuclear gene region elongation factor alpha (EF1a) (Folmer et al., 1994; Cho et al., 1995; Brower and Desalle, 1998) .
For all taxa that were newly sequenced as part of this study, total genomic DNA was extracted from abdomens or legs using Qiagen DNAeasy kits per the manufacturers instructions (Qiagen Inc., Valencia, California). Each gene region for each specimen was then PCR amplified and sequenced using standard protocols (Brower, 1994; Wahlberg et al., 2005; Brower et al., 2006) . The remaining sequence data were obtained from Genbank (Table 2) .
Sequence data were imported into Geneious Pro 4.8.5 (Biomatters, Ltd.), and data were examined and edited manually. Contigs were assembled in Geneious for each gene region for each taxon. (Higgins 1935) FJ462232 j FJ462293 j FJ462168 j M. amoenula (Felder and Felder 1867)
(continued on next page) (Bates 1864) HM431605 e T. infrequens (Higgins 1981) EF493962 l EF494020 l EF493913 l T. orobia (Hewitson 1864) EF493967 l EF494025 l EF493918 l T. selene (Röber 1913) EF493965 l EF494023 l EF493916 l T. similis (Higgins 1981) EF493966 l EF494024 l EF493917 l T. tissoides (Hall 1928) AY788682 b AY788820 b AY788580 b Telenassa T. berenice (Felder and Felder 1862) EF493968 l EF494026 l EF493919 l T. delphia (Felder and Felder1861) We generated alignments of all taxa for each gene region using MUSCLE as implemented in Geneious Pro 4.8.5. Alignments were then edited manually, including translating each gene region to check for premature stop codons and to otherwise check the accuracy of the alignment. We generated additional alignments using ClustalW as implemented in Geneious Pro 4.8.5 and compared these to the MUSCLE alignments but detected no significant variation. We used jModelTest to select the most appropriate model of nucleotide substitution for each gene region (Posada, 2008) .
Time calibration
We constrained the ages of the divergences between the outgroups (Doleschallia bisaltide (Kallimini), Hypolimnas bolina (Junoiini) and Vanessula milca (Nymphalidae)) and the Melitaeini, and between outgroup species H. bolina and V. milca based on Wahlberg et al. (2009) , who utilized fossil calibration data for seven species to estimate minimum divergence times (Emmel et al., 1992; Nel et al., 1993; Scott and Wright, 1990; Peñalver and Grimaldi, 2006; Kawahara, 2009 ). Because we used a secondary estimate of node calibration, we specified a normal distribution prior to estimate root divergence times (Ho and Phillilps, 2009 ). We constrained the timing of the divergence between the outgroup species (Doleschallia bisaltide (Kallimini), Hypolimnas bolina (Junoiini) and Vanessula milca (Nymphalidae)), and the Melitaeini as a mean of 42.53 MYA with a standard deviation of 2.4 MY. We constrained the divergence of the H. bolina and V. milca branches as 39.2 MYA with a stdev of 3 MY ).
Phylogenetic analysis
We estimated phylogeny for the combined dataset and each gene independently using MrBayes v. 3.2.2 under models of substitution chosen using jModelTest Posada, 2008) . We ran 4 replicated analyses each with one cold and three incrementally heated chains (temperature = 0.1) for 50 million iterations, logging the current state every 5000 iterations. We assessed convergence and mixing of the chains using Tracer and AWTY (Wilgenbusch et al., 2004; Rambaut et al., 2013) , ensuring that all 4 analyses were sampling from the same distribution and that no clear trends were visible in the MCMC samples. We removed the first 25% of each analysis as burnin and summarized the results using MrBayes internal functions.
We also estimated tree topology and timing of divergence simultaneously under a relaxed clock. Using the CIPRES portal (Miller et al., 2010) , we performed BEAST (v 1.7.1) analyses on the aligned gene regions (Drummond et al., 2012) . Each of the three genes was partitioned separately, as was each codon position. For each gene, the substitution model was set to GTR with estimated base frequencies. Among-site rate heterogeneity was modeled using a discrete gamma distribution, C. We assumed an uncorrelated lognormal distribution to describe the prior probability density on branch-specific substitution rates (Drummond et al., 2006) . We specified a birth-death stochastic branching process model to generate a prior on node ages. The MCMC chain was set to run for 50 million iterations and logged every 5000 generations. We repeated the BEAST analysis six times.
Log files from the six replicate analyses were combined using LogCombiner (v 1.7.1) from the BEAST package. We also used TreeAnnotator (v 1.7.1) from the BEAST package to summarize the posterior sample of trees to produce a maximum clade credibility tree and to summarize the posterior estimates of the input parameters. We assessed convergence of the MCMC using Tracer (v 1.5), and upon visual inspection we set the burn-in for the combined runs to 2.5 million iterations.
Data availability
We deposited all newly generated sequence data to Genbank (Accession numbers KM042217-KM042298). Our alignment and the resulting phylogenies are available in TreeBase (http://purl.org/phylo/treebase/phylows/study/TB2:S16045).
Results
Comparison of MrBayes gene trees vs. consensus tree
At the subtribe level the trees recovered by the nuclear markers EF1a and wg via MrBayes analyses were largely uninformative, while the COI tree and consensus tree were largely in agreement with each other. We therefore restrict our remaining discussion to the MrBayes and BEAST consensus trees.
Comparison of MrBayes consensus tree and BEAST tree
Both the BEAST tree ( Figs. 1-3, Supplementary File 1) and MrBayes consensus tree (Supplementary File 2) recovered four well-supported clades within the Melitaeini; both trees were also Wahlberg et al. (2003a,b) . g Lukhtanov et al. (2009) . h Zimmermann et al. (2000) . i Dinca et al. (2011) . j Leneveu et al. (2009). k Min et al. (unpublished) . l Wahlberg and Freitas (2007) . m Wahlberg et al. (2003a,b) . n Wahlberg et al. (2009) . o Nylin et al. (2001). in agreement on the branching order of these clades as well as on the genus composition of each. The species composition of these four clades roughly correspond to the subtribes described by Wahlberg and Zimmermann (2000) , while the branching order more closely resembled that of Wahlberg et al. (2005) .
Four clades
Euphydryina
The clade containing all members of the genus Euphydryas diverged from the rest of the Melitaeini 42.68 MYA (divergence time clade posterior probability, DTCPP = 1) (Fig. 1) . The most recent ancestor (MRCA) to this monogeneric clade corresponding to Wahlberg and Zimmermann's Euphydriti (Euphydryina in later usage) underwent a speciation event 15 MYA (DTCPP = 1).
The trees recovered by the BEAST analysis and the MrBayes analysis differ in their placement of E. anicia, E. chalcedona, and E. colon. Scott (1987) combines these three taxa into one species, E. chalcedona, while Pelham (2008) splits them. Here we retain the GenBank labels for E. anicia and E. colon, while labeling all new specimens that we collected for this project as E. chalcedona. Treating E. anicia as a separate species renders E. chalcedona paraphyletic in both analyses.
Chlosynina
The divergence event that gave rise to the MRCA of Chlosynina and the MRCA of Melitaeina and Phyciodina occurred approximately 35.8 MYA (DTCPP = 1) (Fig. 1) . Our divergence time estimate analysis recovers strong posterior support (DTCPP = 0.99) for the split of Poladryas from the rest of the Chlosynina 32.4 MYA; however, the Bayesian consensus tree recovers this node with only weak support (MBCPP = 0.56).
Melitaeina
The divergence event that gave rise to the two remaining subtribes occurred approximately 33.52 MYA (MBCPP = 1) (Fig. 2) . One of these groups, corresponding to Melitaeina, consists of the genera Melitaea, Higginsius, and Gnathotriche. The MRCA of this group diverged 29.43MYA (MBCPP = 1).
Within the subtribe Melitaeina, we noted several differences between the topology of the MrBayes tree and the BEAST tree. 
Phyciodina
The other group, corresponding to Phyciodina, consists of the genera Mazia, Ortilia, Phyciodes, Tegosa, Eresia, Castilia, Telenassa, Dagon, Janatella, Anthanassa, Phystis, Atlantea, and Antillea, who share a MRCA 30.8 MYA (MBCPP = 1) (Fig. 3) .
The topology of the trees recovered by the MrBayes and BEAST analyses differed in regard to several taxa within the Phyciodina. 
Discussion
Our finding of four distinct, well-supported clades within the Melitaeini is consistent with previous findings by Wahlberg and Zimmermann (2000) and Wahlberg et al. (2005) , which is unsurprising given the fact that the studies use similar gene regions. However, we found that the subtribe branching order described by Wahlberg and Zimmermann (2000) differs from the hypothesis proposed here, and while subtribe branching order is consistent with Wahlberg et al. (2005) there were other differences between this study and our results, as well. We discuss these differences below.
Four clades: comparison to previous hypotheses
Our phylogenetic analysis recovered four distinct, well-supported clades within Melitaeini, roughly corresponding to those described by Wahlberg and Zimmermann (2000) , although the branching order more closely resembled that of Wahlberg et al. (2005) . Here we discuss these results in the context of previous phylogenetic hypotheses reported for each of the four clades.
Euphydryina
Like Zimmermann et al. (2000) , we found no support for Higgins' proposed split of Euphydryas anicia, E. colon, E. chalcedona, and E. editha into a distinct genus ('Occidryas') (Higgins, 1981) . However, together with E. phaeton, these species do form a monophyletic group that diverged 15 MYA ago from the MRCA of E. aurinia, E. merope altivans, E. desfontainii, E. asiatica, E. cynthia, E. iduna, E. intermedia, E. maturna, and E. gillettii (DTCPP = 1). Higgins also proposed that the latter five species be designated a separate genus called 'Hypodryas' while the former four species be designated a distinct genus called 'Eurodryas'. We do recover these proposed taxa as monophyletic clades that diverged from one another 12.26 MYA, although support for 'Hypodryas' as well as the combined clade of 'Hypodryas' and 'Eurodryas' is modest (DTCPP = 0.74 and 0.82, respectively). However, Higgins' proposed split of Euphydryas has been rejected by subsequent authors (Higgins, 1981; Zimmermann et al., 2000) .
Chlosynina
This study presents the most complete molecular phylogeny of the Chlosyne-group subtribe, including 21 of the approximately 27 species in the nominate genus. The genus Poladyras comprises two species, one of which (P. arachne) is included here; the remaining genera (Texola, Microtia, and Dymasia) are each monotypic, and are also included in this study. Two other molecular phylogenies have been presented pertaining to this group: the first included only 15 species of Chlosyne and does not include Microtia , while the second included Microtia but only included 11 species of Chlosyne (Wahlberg et al., 2005) . Higgins (1981) placed Microtia within the Chlosyne-group based on morphological characters and Wahlberg et al. (2005) recovered a similar placement using molecular data. We found strong support for placement of Microtia within Chlosynina, sister to Texola/ Dymasia (CPP = 1). These three genera appear to have diverged from Chlosyne 29.4MYA, while Microtia diverged from Texola and Dymasia 17.4 MYA. Wahlberg and Freitas (2007) estimated more ancient divergences, 37.5 MYA and 26MYA, respectively. Differences can most likely be attributed to difference in calibration constraints applied in the studies.
Of particular interest in our study is the placement of a group of Nearctic Chlosyne species occurring in the western United States. Specifically, we were interested in the taxonomic relationship of C. palla, C. whitneyi, C. acastus (and an included subspecies, C. acastus neumoegeni), C. hoffmanni, and C. gabbii. We found strong posterior support for the monophyly of this group, the members of which often have parapatric or sympatric distributions. Divergence time estimates suggest that this clade diverged from the rest of Chlosyne 5.5MYA (CPP = 1), near the end of the Miocene and beginning of the Pliocene. Previous studies of this group have only included C. palla, C. acastus, and C. acastus neumoegeni (treated as a full species by Wahlberg and Zimmermann, 2000) . While the latter is not considered a full species (Pelham, 2008) , we found it to be sister to C. gabbii rather than to C. acastus, having diverged 2.3MYA (CPP = 0.75). These three taxa together are weakly supported as sister taxa to the alpine taxon C. whitneyi, diverging 3MYA (CPP = 0.48). The name C. whitneyi was once used for high-elevation (sub-alpine) populations of a taxon now called C. palla altasierra (Emmel et al., 1998 ) (here provisionally labeled as C. palla ''Leap''). We found this taxon to be more closely related to C. acastus/C. gabbii/C. whitneyi than to the nominate species C. palla, with which it is parapatric. This finding may explain why female forms of the California populations of C. palla are polymorphic and the C. acastus/C. gabbii/C. whitneyi/C. palla altasierra group are not. We hypothesize that this female-limited polymorphism either arose after C. palla diverged from the others, or the polymorphism is the ancestral state to these species and was lost in the C. acastus/C. gabbii/C. whitneyi/C. palla altasierra lineage. Ancestral state reconstruction of this trait was uninformative due to recent divergences and subsequent low phylogenetic signal (data not shown).
The location of C. hoffmanni nested within population-level specimens of C. palla was unexpected. These two species can be difficult to distinguish, although the specimen used here was examined by multiple experts and appears to be a good example of C. hoffmanni. However, we urge caution in interpreting this finding, and instead suggest that sequence data from additional specimens be analyzed to clarify this relationship.
Melitaeina
A previous study by Wahlberg et al. (2009) estimated that Melitaeini diverged from Nymphalinae 50 MYA. Our study places this divergence within a similar time frame and our 95% HPD estimate contains the Wahlberg et al. estimate. The genus Melitaea has sometimes been split into two genera, Melitaea and Mellicta (Asher et al., 2001; Beccaloni et al., 2013) . We found that, with the exception of M. sutschana, the species usually included in Mellicta (M. alatuica, ambigua, asteria, athalia, aurelia, britomartis, caucasogenita, celadussa, centralasiae, deione, menetriesi, parthenoides, plotina, and varia) do form a monophyletic group, but designating them as a separate genus would render Melitaea paraphyletic. This 'Mellicta' group diverged from the rest of the Melitaea 11.4 MYA (CPP = 0.95).
While the Melitaea/Mellicata split does not seem to be valid, we did find two distinct clades within Melitaea that have also been described by Leneveu et al. (2009) utilizing the same gene regions, the Didymaeformia and Melitaea clades. Species composition of the two clades was consistent between the two studies, however we were able to include M. alatuica and M. jezabel in the Melitaea clade (not included in the study by Leneveu et al.) . Unlike the tree presented by Leneveu et al., however, we found strong posterior support for this node, which is estimated to have split 21 MYA (CPP = 1).
Within-clade differences at this level were minimal in the Didymaeformia clade. Branching order and species relationships were similar between our study and Leneveu et al. . In both studies the interval between this node and the next is short (>1 my).
We found much greater differences between the two studies within the Melitaea clade. While Leneveu et al. found the diamina group (M. diamina and M. protomedia) as sister to a clade comprising the arcesia, minerva, and athalia groups with strong posterior node support (CPP = 1), we found the diamina group to be sister to the athalia group, again with slightly weaker support (CPP = 0.95). We also found the arcesia and minerva groups to be sister taxa, and when taken together are sister to the athalia/diamina clade. The previous study, however, found the athalia and minerva groups to be sister clades, subtended by the arcesia clade, which is itself subtended by the diamina clade.
Phyciodina
Of the four Meliteaini subtribes, the most problematic is the Phyciodina. This appears to be caused by difficulty in naming species, whether through misidentification of GenBank specimens or the need for a thorough taxonomic revision of this group (or both). Many species in this group are involved in mimicry systems, leading to phenotypic similarity and thus confusion concerning proper identification. Assuming that all species are in fact correctly identified, a major revision of this group seems called for, as many of the genera are not monophyletic. Wahlberg and Freitas (2007) encountered a similar result in a previous molecular study of this group. While that study performed both parsimony and Bayesian phylogenetic analyses, most of the discussion pertains to the parsimony result, so we will focus our comparisons primarily on that phylogeny as well.
Wahlberg and Freitas found nine stable lineages within Phyciodina (Antillea, Phystis, Mazia, Ortilia s.s., Tegosa, Phyciodes, Brazilian ''Ortilia'', Anthanassa, and Eresia s.l.). They recommended that the genera Dagon, Janatella, Castilia, and Telenassa s.s. be returned to the Eresia, undoing the split proposed by Higgins (Higgins, 1981; Wahlberg and Freitas, 2007) . Several of these groups contain problematic taxa, though whether this is due to misidentification or misclassification is uncertain.
Like Wahlberg and Freitas (2007) we found that Telenassa fontus is sister to Phystis (CPP = 1), despite the fact that the remaining Telenassa are quite distant on the Phyciodina tree. Whether this species should be classisfied as Phystis or as a separate genus should be examined more closely. Barring this, Phystis forms a stable monotypic genus (CPP = 0.99).
The species ''Eresia'' burchellii is listed as such on Genbank but is treated elsewhere as Telenassa. Wahlberg and Freitas (2007) treat it as a subspecies of T. teletusa and estimate a split between it and the nominate subspecies to be > 5MYA. While our phlyogeny also supports this arrangement for Telenassa, we found the split between T. teletusa teletusa and T. teletusa burchellii (''Eresia'' burchellii) to be more recent (3.5MYA).
We also found the placement of several members of the genus Ortilia to be problematic. Our phylogeny agrees with that of Wahlberg and Freitas (2007) We arrived at the same conclusion, with strong posterior node support for this clade (CPP = 1), and agree that this clade requires a new name as the generic type species, O. liriope, is not included in this clade (Higgins, 1981; Wahlberg and Freitas, 2007) . While both studies found O. ithra to be paraphyletic to the other Ortilia, the two studies differed in the placement of this branch. The hypotheses proposed by Wahlberg and Freitas place the species as sister to Eresia lansdorfi (parsimony tree, bootstrap < 50), subtending Telenassa with weak support (MrBayes, CPP = 0.64), and as sister to Dagon pusillus in their chronogram. They suggest placing it within Eresia (see below), while our phylogeny places it as sister to Telenassa (CPP = 0.67), with D. pusillus sister to Janatella (CPP = 0.55).
Other clades of interest
Aside from the four distinct subtribe clades discussed above, this study examines the placement of several additional lineages that have traditionally been the subject of major phylogenetic uncertainty or disagreement. We discuss each of these in turn below.
Placement of Gnathotriche and Higginsius
Studies have variously placed Gnathotriche and Higginsius with Melitaea + Chlosyne based on morphology (Higgins, 1981) , within Phyciodina based on molecular sequence data (Wahlberg et al., 2005; Wahlberg and Freitas, 2007) , and with Melitaeina based on molecular sequence data (Wahlberg and Freitas, 2007) . We found strong support for placing these species sister to Melitaea, within the subtribe Melitaeina. Divergence times between Gnathotriche/ Higginsius and Melitaea are similar to those of deep nodes within Phyciodina, e.g. Antillea or Atlantea and the remaining Phyciodina. This evidence plus Higgins' morphological treatment suggests that these three species together constitute a subtribe. If this finding is correct, it would influence the biogeographical hypothesis proposed by Wahlberg and Freitas (2007) . Revisions of this hypothesis would need to take into account the divergence of the neotropical Higginsius and Gnathotriche 6.4 MY after the divergence of the (neotropical and nearctic) Chlosyne-group, and 4.1 MY after the divergence of the (neotropical and nearctic) Phyciodina. 4.7. Placement of Atlantea, Antillea, Ortilia, Phystis, Dagon, Mazia, and Janatella This is the first study to place Atlantea in a phylogeny, whether using morphological or molecular information. Higgins (1981) was unable to place this genus within any subtribe based on morphology, and suggested that it may constitute a distinct subtribe of the Melitaeina. The phylogenetic hypothesis presented here shows strong posterior support placing Atlantea within Phyciodina (CPP = 1), diverging from the other genera 2.7 MY after Antillea (28.1 MYA). This subtribe is comprised of Neotropical and Nearctic species, most of which are endemic to South America. Atlantea is endemic to the Greater Antilles, and its phylogenetic placement near Antillea suggests a fairly simple biogeographic scenario. Our placement of Antillea as the first Phyciodina taxon to diverge is consistent with the placement presented by Wahlberg and Freitas (2007) , although our findings suggest a slightly more recent divergence (30.8MYA vs. 34MYA) (CPP = 1). Wahlberg and Zimmermann (2000) and Wahlberg et al. (2005) did not include Ortilia, Phystis, or Dagon in their analyses, while the former also were unable to include Mazia and Janatella. The phylogeny produced by Wahlberg and Freitas (2007) places all of these genera within Phyciodina, which agrees with our result. While some of the specific placements within Phyciodina proposed by these two studies differ, it appears to be clear that all of these genera belong within this subtribe. Rather than belabor the remaining differences, we will simply agree with Wahlberg and Freitas that this subtribe is in need of careful, thorough taxonomic revision. This should include a morphological analysis of the GenBank specimens included in our molecular study to ensure that some of the taxonomic and phylogenetic disagreements are not due to simple identification errors.
Conclusion
We found four, well-supported clades within the tribe Melitaeini, largely corresponding to previously proposed subtribes.
Of these four, we found Euphydryina to have diverged first, 42.67 MYA; this was followed by the branching of the Chlosynina 35.8 MYA, and then by the divergence of Phyciodina and Melitaeina 33.52 MYA. Within these subtribes, our most significant findings are the placement of Gnathotriche and Higginsius within Meliteaina, the placement of Atlantea within Phyciodina, and the description of the Chlosynina phylogeny.
